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(54) Bismaleimides comprising mesogenic groups and oligomeric liquid crystalline 
bismaleimides 

(57) The invention relates to bismaleimides comprising mesogenic groups which consist corresponding to (I) , of 
two reactive terminal maleimide groups which are linked via linear or singly alky I -substituted alkylene chains A, which 
are linked to an aromatic mesogen M via ester, amide or ether groups, 



r JT^n— a-x— m— x— a-n 



a) 



CO 
CO 



LU 



wherein A independently represents an alkylene chain comprising 3 to 20 CH2 groups, wherein one C atom of each 
alkylene chain A can be chiral due to alkyi substitution, X independently represents -0(0)0, -C(0)NH- or -O-, and M 
represents a mesogen consisting of at least two rings including an aromatic or a heterocyclic ring, which are linked para 
to each other by single bond, -CH 2 -CH 2 -, -CH=CH-, -C-C-, ester (-COO-), amide (CONH-), methylstifoene (- 
C(CH 3 =CH-), azomethine (-CH=N-), azine (-CH=N-N=CH-), azo (-N=N-) or azoxy (-N(0)=N-) groups, and which can be 
mono- or di-substituted by alkyl groups, wherein the terminal aromatic rings are each substituted in the para position to 
these linking groups by an O or NH group of X, and R independently represents an H atom, an aJkyl group comprising 
1 to 8 C atoms, a phenyl ring or a halogen atom. 

The invention, moreover, relates to oligomeric liquid crystalline bismaleimides of general formula (II) 
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wherein A, X, M and R are as defined above, n represents an integer from 1 to 100 and B represents piperazinyl or a 
divalent radical which is derived from a primary or secondary para-substituted cyclic diamine, wherein B is bonded via 
the amino groups of the diamine. 

The invention also relates to methods of producing said bismaleimides. 
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Description „ 

[0001] This invention relates to new brsmaleimides comprising mesogenic groins and to methods of producing 
them. 

[0002] Polymeric networks with liquid crystalline properties are materials which are potentially of interest since 
they are capable of preferentially exhibiting outstanding mechanical and optical properties in their oriented* state. 
Amongst the optical properties of networks of this type, the change in birefringence and the direction of polarisation in 
electric, mechanical and magnetic fields, which are utilised for the storage and display of information. e.g. in polymer 
network LCDs, should be emphasised in particular. In thermally crosslinked materials a reinforcement by liquid crystal- 
line phases results in an increase in the modulus of elasticity, in the bending and fracture strength, and in hardness. 
[00031 Mesogenic compounds are suitable for the synthesis of liquid crystalline crosslinking agents. Mesogenic 
compounds such as these are mainly aromatic compounds comprising at least two benzene rings, which are linked 
para to each other by suitable groups, such as ester-(-COO-), amide (-CONH-) or azomethine (-CH=N-) groups for 
example, wherein the terminal aromatic rings are each substituted in the para position in relation to these linkinq qroups 
by an -OH. - COOH or -NHg group. 

[00041 In order to attain Squid crystalline properties, the mesogens generally also have to be linked to suitable 
spacer chains via the aforementioned reactive -OH, -COOH or -NH 2 groups. The liquid crystals which are thus formed 
exhibit what are predominantly nematic textures under the polarising microscope. 

[0005] If the spacer chains of the mesogens which were schematically described above have functions at their ends 
which are capable of crosslinking, such as acrylate, vinyl ether or glyceryl ether - groups for exarrple, liquid crystalline 
compounds of this type are serf-crossiinking or are capable of crosslinking with other reactive compounds by copolym- 
erization. Their solubility in solvents, compatibility with other oligomeric and polymeric reactants and the liquid crystal- 
line temperature ranges depend on the length of the linear aliphatic spacers, which may have a length corresponding 
to 1 to 30. preferably 3 to 20 GH 2 groups Due to the spacer chains, the mesogens which form the liquid crystalline 
phase are isolated from the crosslinking sites, which is advantageous for the formation and for the capacity of orienta- 
tion of the mesogenic phase. Examples thereof include liquid crystalline diglyckJyl ethers, such as those described by 
D. J. Broer et al. in Macromolecules. 26, 1244-47 (1993) and by B. Kbsctelny et al. in Polymer Bulletin. Vol. 32 (5-6), 
529-36 (1994). as well as diacrylate and divinyl ethers, such as those described by R. A. M. Hikmet et al. in Macromol- 
ecules 28. 3313-27 (1995) and in Polymer. 34, 1736-40 (1993). 

[0006] An essential characteristic property for the existence of liquid crystailinity is the length/diameter ratio of the 
individual molecule, which should reach or exceed a value of 5. When the above mesogens are used, the resulting net- 
works also predominantly exhibit nematic behaviour. 

[0007] The industrial use of liquid crystalline crosslinking agents for the synthesis of mesogenic networks has hith- 
erto foundered because of the costly synthesis of compounds of this type, which cannot be employed in an economi- 
cally and technically feasible manner on an industrial scale. Multistage syntheses using protective groups are 
necessary in many cases, as described, for exarrple, by M. Ando and T Uryu in J. Polymer Science. Part A. 28. 2575- 
84 (1990) for liquid crystalline diacryiates. This publication describes the general procedure which was known hitherto 
for the synthesis of crosslinking agents of this type, which consists of reacting previously prepared brfunctional mes- 
ogens, which comprise aromatically bonded para-substituted reactive -OH, -COOH or -Nhfe groups or halogen atoms, 
mainly fluorine, bromine or iodine, in a Williamson ether synthesis with an excess of an ao^dihalo- or dihydroxyalkane! 
whereby the polyalkylene chains which are necessary as spacers are introduced. If a,axtthydraxyalkanes are used, an 
OH function generally has to be protected by a suitable reversible protective group 

before di-substrtution. A reaction with compounds which contain a group which is capable of polymerization is not 
effected until the end. optionally after the removal of the protective groups: 

[0008] The groups which are employed as crosslinking groups are frequently those which are only capable of react- 
ing with themselves or with a limited selection of other groups. Examples include the aforementioned acrylate, meth- 
acrylate and vinyl ether functions, which crosslink in addition polymerization reactions with compounds which contain 
groups of the same type or similar groups, or such as glycidyl ethers, which react with few other compounds, such as 
dicarboxylic acids, anhydrides or diamines. Moreover, liquid crystalline crosslinking agents which comprise said active 
crosslinking groups always require initiators or catalysts in order to initiate the reaction. 

[0009] The object of the present invention was to identify liquid crystalline crosslinking agents which can be pro- 
duced in as simple a manner as possfole. and which can be produced in a simpler, less costly manner, even on an 
industrial scale, than the mesogenic crosslinking agents known hitherto, which could only be obtained in laboratory syn- 
theses. At the same time, the object was to identify a method which was equally suitable for the production of as many 
different products as possible which differ only as regards their mesogen and by the length of their spacer group, so as 
to produce suitable products for as many areas of application as possible. In order to achieve this object, the number of 
reaction steps required for the formation of liquid crystalline crosslinking agents have had to be significantly reduced 
and the few steps which were required must proceed with a high yield and be only slightly dependent, or not dependent 
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at all, on the structure of the reactants. " 
[001 0J The present invention relates to bismaleimides comprising mesogenic groups, which consist, corresponding 
to formula (I) given below, of two reactive terminal maleimide groups which are linked via linear or singly afkyl-substi- 
tuted alkylene chains A, which are linked to an aromatic mesogen M via ester, amide or ether groups. 




wherein A independently represents an alkylene chain corrprising 3 to 20 CH 2 groups, wherein one C atom of each 
alkylene chain A can be chiral due to alkyl substitution, X independently represents -C(0)0, -C(0)NH- or -O-. and M 
represents a mesogen consisting of at least two rings including an aromatic or a heterocyclic ring, which are linked para 
to each other by single bond, -CH 2 -CH2-, -CH=CH-, -C-C-. ester (-COO-), amide (CONH-), methylstilbene (- 
C(CH3=CH-), azomethine (CH=N-). azine (-CH=N-N==CH-), azo (-IM=N-) or azoxy (-N(0)=N-) groups, and which can be 
mono- or di-substrtuted by alkyl groups, wherein the terminal aromatic rings are each substituted in the para position to 
these linking groups by an O or NH group of X, and R independently represents an H atom, an alkyl group comprising 
1 to 8 C atoms, a phenyl ring or a halogen atom. 

[0011] Unless otherwise stated, the term "alky!* denotes a hydrocarbon group comprising 1 to 5 carbon atoms, 
such as methyl, ethyl, propyl, butyl and pentyl, including the isomers thereof. Methyl is preferred. 
[001 2] The bismaleimides of formula (I) according to the invention can be produced from maleimidoalkylcarboxylic 
acids, the single-stage synthesis of which is described in EP-A-0 847 991, by linking the acid chlorides thereof, which 
can be obtained in a simple manner and in good yield, with difunctional aromatic mesogens. 

[0013] Therefore, the present invention further relates to a method of producing bismaleimides comprising mes- 
ogenic groups of general formula (I) as defined above, in which X represents - C(0)0 or -C(0)NH-, wherein maleimi- 
doalkylcarboxylic acids of general formula 




wherein R and A are as defined above, are converted into the corresponding acid chloride. 2 equivalents of the acid 
chloride are reacted with a compound of formula 



HOM-OH 



or 



H 2 N-M-NH 2 , 

wherein M is defined above, in a suitable solvent optionally in the presence of a catalyst and/or an acid acceptor, and 
at a temperature of 0 to 70°C. and the bismaleimide is isolated. 

[0014] The essential advantage of the maleimidoalkylcarboxylic acids which are described in EP-A-0 847 991 and 
which are used for the production of bismaleimides of formula (I) according to the present invention is that the polym- 
erisable function comprising a spacer group, which consists of 1 to 20, preferably of 3 to 12 Chfe groups, one of which 
can be chiral due to substitution by alkyl, already exists in them, and is linked to a reactive, terminal -COOH groupt 
[0015] The bismaleimides comprising mesogenic groups according to the invention which are produced in this 
manner may exhibit liquid crystalline or non-liquid crystalline behaviour above their melting point This depends both on 
the length of the alkylene spacers and on the type of mesogenic group. However, non-liquid crystalline bismaleimides 
can be converted into liquid crystalline bismaleimides by secondary reactions such as addition reactions, and can be 
further used as such. 
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[0016] Aliphatic nialamides can be homopolymerized by a radical mechanism, and san be polymerized with 
numerous other monomers, such as acrylates, methacrylates and vinyl compounds, such as styrene for example. Fur- 
thermore, the maleimide function enters into thermal, catalysed, uncatalysed and photochemical reactions with a mul- 
tiplicity of other functional groups. Examples include the reactions thereof with glycidyl ethers, ally! ethers and esters, 
vinyl ethers, isocyano- esters, dithiols; diamines and phenylacetylenes. Compared with known liquid crystalline diacr- 
ylates, dimethacrylates, divinyl ethers and diglycidyl ethers, liquid crystalline bismaleimides thus exhibit a more versa- 
tile reaction behaviour, and in principle are thus outstandingly suitable for the synthesis of a multiplicity of LC networks. 
[0017] According to the teaching of EP-A-0 847 991 , maleimidocarboxylic acids can be produced in one step and 
in good yields from maleic anhydride and occo-aminocarboxylic acids. The a,o-aminocarboxyiic acids which are 
required therefore can be obtained industrially with different alkylene chain lengths between (CY^h and (CH^. Male- 
imkJoalkylcarboxylic acids with alkylene chain lengths of (CHzfe to (CHg)^ are the most preferred starting materials for 
the production of liquid crystalline crosslinking agents, since they already contain, in one molecule, a polymerisabte or 
crosslinkable function and a spacer group of suitable and selectable chain length. Compared with methods known hith- 
erto for the production of liquid crystalline crosslinking agents, this is a decisive advantage industrially. 
[0018] The terminal carboxyl group of maletmidoalkylcarbaxyiic acids enables them to be reacted with a Afunc- 
tional mescgen, in only one or at most two reaction steps, to form liquid crystalline crosslinking agents. Numerous reac- 
tions which are known in the art for the production of esters or acid amides are suitable for coupling 
maletmidoalkylcajt>Qxylic acids to OH- or IMH^functional mesogens, such as the reaction of acid chlorides with alcohols 
or amines in the presence of an acid scavenger, transesterrf ication, or condensation with the separation of water. One 
preferred method of producing bismaleimides according to the invention is the reaction of mal eimidoaiky Icarboxyl ic acid 
chlorides with OH-functional mesogens in the presence of basic acid scavengers. Bismaleimides according to the 
invention which comprise amide linkages can be produced analogously from NH 2 -functional mesogens and maleimi- 
doalkylcarboxylic acid chlorides. The requisite acid chlorides can be produced, in a simple synthesis which proceeds to 
completion, from maleimidoalkylcarbQxylic acids by reaction with thionyl chloride, sulphuryl chloride or oxalyl chloride, 
wherein thionyl and oxalyl chlorides are preferred. 

[0019] Examples of suitable maleimidocarboxylic acids, to which the present invention is not exclusively restricted, 
however, include maleimidoacetic acid, maleimidopropionic acid, maleimktobutyric acid, D- and L-maleimidoisobutyric 
acids, maJeimidocaproic acid, maleimidoheptanoic acid; maleirructononanoic acid, maleimidoundecanoic acid, maJeim- 
idododecanoic acid, 2-methylmaleimidocaproic acid, 2-methyImaleimkJoundecanoic acid, 2, 3-dimethylmaleirnidobu- 
tyric acid and 2, 3-dirnethyl-maleimidoundecanoic acid, wherein bismaleimides of long chain maleimidoalkylcarboxyfic 
acids exhibit better liquid crystalline properties. 

[0020] These maleimidoalkylcarboxylic acids can be converted into their acid chlorides, in a simple manner and in 
quantitative yields, with thionyl chloride, sulphuryl chloride, phosphorus pentachloride. phosphorus oxychloride or oxa- 
lyl chloride, wherein thionyl and oxalyl chloride are preferred, in suitable solvents, advantageously in halogenated 
hydrocarbons such as dichloromethane, chloroform, 1,1,2-trichloroethane or 1,1,2,2-tetrachloroethane, at tempera- 
tures of 0 to 100 o C, preferably 0 to 70°C, optionally in the presence of acid scavengers such as tertiary amines or pyri- 
dine. These acid chlorides can be converted into bismaleimides according to the invention by their reactions, which are 
known in the art with aromatic mesogens M corresponding to general structure (III) as shown below, with the formation 
of ester or amide bonds, wherein ester bond linkages are preferred: 



where X = -O or -NH; and if N is present: 

N = -COO-, -CONH-, -CH=CH-, -CfCH^CH-, -C-C-, -N=N-, N(0)=N-, CH=N- or -CH«N-N=CH-. 

[0021 ] The mesogens M must contain two OH or NH 2 groups which are reactive with acid chlorides and must con- 
tain at least two aromatic rings which are linked para to each other by single, double or triple C-C bonds or by azo, 
azoxy, ester, amide, azomethine or azine groups, and which can be mono- or di-substituted in any position by alkyl 
groups or halogen atoms. An aromatic ring can be replaced by a heterocyclic ring, such as pyrimidine or 1 .3-dioxane. 
Examples of mesogens which are suitable for the formation of bismaleimides according to the invention are the follow- 
ing: 




1-4 



(HI) 
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4,4*-dihydroxybiphenyt, 4,4"<iihydroxyterphenyl, 4,4*Hjihydroxydiphenyl-acetylene, 4,4Vdihydroxystilbene, 4,4*- 
dihydroxymethylstilbene, 4,4'-diriydroxy-azobenzene. 4.4'-dihydroxy-azoxybenzene, 4-tydroxyphenyl-4-hydroxy- 
benzoate, 4-aminophenyl-4-aminobenzoate. hydroquinone-bis-(4-hydroxybenzoate). 2-methyl-hydroquinone-1 ,4- 
bis-(4-hydroxybenzoate), biphenylyl-4,4'-bis-(4-hydroxy-benzoate) 1 1,4-naphmylene-bis-(4-hydroxybenzoate). 1^5- 
naphthylene-bis-(4-hydroxybenzoate) f 4.4'<iihydroxydiphenylazomethine. 4,4'-cfihydroxydiphenylazine. 2-(4- 
hydroxyphenyl)-.5-hydroxypyrimidine, 2-(4-hydroxyphenyl)-5-hydroxy-1,3-dioxane. and N.N-terephthalylidene- 
bis(4-hydroxybenzene). 

[0022] The mesogens which are particularly preferred for the production of bismaleimides which crosslink above 
100°C with the formation of liquid crystalline phases are 4-hydroxyphenyl-4-hydroxybenzoate, hydroquinone-bis(4- 
hydroxybenzoate). 2-methylhydroquinone-1 , 4-bis(4-hydroxybenzoate) and diphenylyl-4,4 , -bis(4-hydroxybenzoate). 
These mesogens can be produced from inexpensive compounds in a simple manner and in one step, even on a large 
scale, according to the leaching of the DE-OS 362261 1 or as described by F. N. Jones et al. [Potym. Preprints ACS. 30 
(2), 462 (1 989)], and are therefore particularly suitable for the commercial production of bismaleimides according to the 
invention. 

[0023] Bismaleimides of general structure I in which X represents an ether linkage can also be produced. Thus co- 
haloalkylmaleimides, preferably a>4Dromoalky Imaleimid es comprising 1 to 20, preferably 3 to 12, CH 2 groups which are 
linked linearly to each other, and which may also contain a chiral centre obtained by alkyl substitution, preferably by 
methyl substitution, can be linked to form bismaleimides by methods comprising Williamson ether synthesis under mild 
reaction conditions with the aromatic para-hydroxy-substituted mesogens cited above by way of example. 
[0024] Therefore, the present invention further relates to a method of producing bismaleimides of formula (I), 
wherein X represents -O-, in which 2 equivalents of a halogenated N-alkylmaleimide of general formula 

O 

" % -A-Hal 



AT 



wherein R and A are as defined above and Hal represents a halogen atom, are reacted with a compound of general 
formula 



HO-M-OH, 

wherein M is defined as above, in a suitable solvent in the presence of a catalyst or an acid acceptor, and at a temper- 
ature of 20 to 200°C. preferably 50 to 1 50°C, and the bismaleimides are isolated. 

[0025] o-haloalkylmaleimides can be obtained from co-hydroxyalkylmaleimides by reaction with a halogenating 
agent such as PX 3 , POX 3 or PX 5 , wherein X represents a or Br. Another method of producing the desired o-haloalkyl- 
maleimides is the reaction of an alkali metal salt of maleinimide or of 7-oxabicycIoheptene-1,2-dicartx>xy1ic acid imide, 
which can be obtained in a simple manner by the Diels-AkJer reaction of furane with maleinimide. with an excess of an 
a.io-dhaloalkane. wherein a.oxiibromoalkanes comprising 3 to 12 CH 2 groups are preferred. The desired ©-haloalkyl- 
maleimides can be isolated from the reaction mixture by filtering off the alkali metal halide and preferably by removing 
the excess of ct.cxJihaloalkane by distillation, wherein the furane is also removed when 7-oxabicycloheptene-1 ,2-dicar- 
boxylic acid imide is used. 

[0026] The reaction of the c^haloalkylmaleimides, which are produced in this manner, with para-substituted OH- 
functional mesogens of general formula (III) is advantageously conducted in the presence of dry K 2 C0 3 in a dipolar 
aprotic solvent, such as acetone, cyclopentanone, cyclohexanone or dimethyHormamide. wherein acetone is preferred 
, with the addition of a catalytic amount of potassium iodide. 

[0027] Alternatively, bismaleimides of general formula (I) according to the invention, wherein X represents -O- can 
be produced by method in which 

(i) a compound of general formula HO-M-OH. wherein M is as defined above, is reacted with 2 equivalents of an 
a.€D-haloalkane nitrile of general formula 



Hal-A'-CN. 
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wherein Hal represents a halogen atom and A' represents an alkylene chain comprising. 2 to 19 CH2 groups, and 
wherein one C atom of each alkylene chain A' can be chiral due to alkyl substitution, in a suitable aprotic dipolar 
solvent, in the presence of a catalyst and/or of an acid acceptor, and at a temperature of 20 to 200°C, preferably 50 
to 1 50°C, to form an a,o-dinitriIe of general formula 

NC-A'-O-M-OA'-CN, 

wherein A' and M are as defined above, 

(ii) the a,co-cfinitrile is reduced with a complex metal hydride in the presence of a strong acid with subsequent 
hydrolysis to form the corresponding a,co-diamine of genera) formula 

HgN-CHg-A'-O-M-O-AMSHg-NHg, 
wherein A* and M are as defined above, and 

(iii) the a,a>-diamine is imidised with two equivalents of a maleic anhydride of general formula 




wherein R is as defined above, in a mixture consisting of an aliphatic carboxylic acid and an aromatic hydrocarbon 
at a temperature of 100 to 180°C. with the separation of water, to form the Bqiid crystalline bismaleimides. 

[0028] In this method, the Williamson ether synthesis described above is first effected between the aforementioned 
exemplary aromatic para-hydroxy-substituted mesogens and 2 equivalents of an a,o-haloalkane nrtriie, preferably in 
the presence of dry K 2 C0 3 in a dipolar aprotic solvent such as acetone, cycJopentanone, cyclohexanone or dimethyl- 
formamide for example, wherein acetone is preferred, with the addition of a catalytic amount of potassium iodide, within 
the temperature range from 20 to 200°C. preferably 50 to 1 50°C. The o,<o-haloalkane nitriles which are preferably used 
are a,a>^romoalkane nitriles comprising 3 to 12 CHg groups, one of which may be chiral due to alkyl substitution, pref- 
erably methyl substitution. The nitrile groups are then reduced to amines by methods known in the art e.g. by reduction 
with complex metal hydrides in the presence of a strong acid, by LiAlhVhkSC^ for example, as described by N. M. Yoon 
and H. C. Brown in J. Am. Chem. Soc. 90, 2927 (1968). The diamines which are thus obtained are then reacted with 
equivalent amounts of unsubstituted or substituted maleic anhydride by methods of cycBsation which are likewise 
known, tor example by heating in aliphatic carboxylic acids with the azeotropic removal of water by an aromatic entrain- 
ing agent according to the teaching of EP-A-0 847 991, to form bismaleimides according to the invention which com- 
prise ether linkages. 

[0029] Bismaleimides according to the invention which comprise ether linkages can also be produced from 
diamines and maleic anhydride by the method described by C. KoBmehl, H.-l. Nagel and A. Pahl in Angewandte Makro- 
moiekulare Chemie 227, 139-57 (1995), wherein two equivalents of maleic anhydride are reacted with one equivalent 
of a diamine in dimethyfformamide in the presence of one equivalent of acetic anhydride and of a catalyst consisting of 
nickel (I I) acetate and triethylamine, at temperatures of 90 to 1 05°C, to form aliphatic bismaleimides. 
[0030] The melting temperatures and the occurrence of liquid crystalline behaviour on melting, which can be 
observed under the polarising microscope in the form of multi-coloured textures which are generally nematic, depends 
on the length of the alkylene spacers and on the type of linking between the alkylene spacers and the mesogenic group, 
and also depends on the type of mesogenic group used. In general, bismaleimides comprising alkylene spacers with 
fewer than 3 CH 2 groups are not liquid crystalline. The more para-linked rings which are present in the mesogenic 
group, the more is liquid crystalline behaviour to be anticipated at average alkylene spacer lengths between (CH£ S and 
(CH2) 10 . Thus bismaleimides comprising (CH^s and (CH^q chains and only two para-substituted benzene rings do 
not yet exhibit liquid crystalline properties. Furthermore, the occurrence of liquid crystallinity also depends on the 
mutual interactions of the mesogenic groups in the melt 
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[0031] Since the bismaleimides according to the invention, which are of particular interest commercially since they 
can be obtained from simple precursors, either do not exhibit liquid crystalline behaviour or only have very narrow LC 
temperature ranges above 100°C which limit their suitability for the formation of liquid crystalline networks to relatively 
narrow ranges of crosslinking temperatures, a further object of the present invention was to modify the bismaleimides 
according to the invention, by reactions which are as simple as possible and which as far as possible proceed to com- 
pletion, so that their liquid crystalline transition range becomes wider or so that liquid crystallinity occurs anyway. 
[0032] Therefore, the present invention also relates to oligomeric liquid crystalline bismaleimides of general formula 
(") 




wherein A, X, M and R are as defined above, n represents an integer from 1 to 100 and B represents piperazinyl or a 
divalent radical which is derived from a primary or secondary para-substituted cyclic diamine, wherein B is bonded via 
the amino groups of the diamine. 

[0033] The oligomeric liquid crystalline bismaleimides of general formula (II) according to the invention are pro- 
duced from liquid crystalline bismaleimides of general formula (I) by the oligomerisation thereof by a Michael addition, 
in a suitable solvent, with half to one equivalent of a para-substituted aromatic, alicyclic or heterocyclic primary or sec- 
ondary amine at a temperature of 0 to 80°C. preferably 20 to 50°C. and the reaction products are isolated by methods 
known in the art 

[0034] In this reaction, what are termed aspartimide linkages are formed between the cfiamines and the bismaleim- 
ides of general formula (I). 

[0035] The bismaleimides of general formula (I) which are preferably reacted are those in which the maleimide dou- 
ble bonds comprise H atoms or one methyl group only. 

[0036] The choice of solvent is not critical. Halogenated hydrocarbons, tertiary amides and ethers can be used for 
example, as well as mixtures thereof. 

[0037] Cyclic 1 ,4-diamines are preferably used in the method according to the invention of producing oligomeric liq- 
uid crystalline bismaleimides. Examples thereof include p-phenylenediamine, 4,4'-diaminobiphenyl, 4,4 , <fiamino- 
3,3\5,5'-tetramethyl-bfc>henyl and N,N'-dimettyl-p-phenylene<fiamine. 

[0038] Oligomeric compounds of this type can be described in terms of general structure IV: 




(IV) 



where 2 = 1.4-phenylene or 4.4'-biphenylene. and S = -H or -CH3, wherein A, M. R and X have the same meanings as 
described for structure (I) and n denotes an integer between 1 and 1 00. 

[0039] The reaction of bismaleimides with piperazine is particularly preferred, and results in liquid crystalline bis- 
maleimides of general structure (V) : 



8 
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R 




0 




N — A—X--M X-A-N 




N 



R 



n 



(V) 



where A, M, R and X have the same meanings as those described for structure (I) and n denotes an integer between 1 
and 100. 

[0040] The reaction of bismaleimides according to the invention with half an equivalent of a cyclic diamine essen- 
tially results in bisaspartimides with n = 1 , wherein oligomers with n>1 can still be formed, depending on the tempera- 
ture of reaction. 

[0041] In contrast the reaction of one equivalent of a cyclic diamine with a bismaleimide results in oligomers with 
n>1 . In cases such as these, where the mixtures obtained are soluble in CHCI3 or tetrahydrofuran, chromatographicaDy 
separated individual products are obtained by gel permeation chromatography which comprise 1 to 10 repeating units 
and a proportion of higher polymers with molecular weights up to >20.000 g/mole. On average, both types of product 
comprise two terminal maleimide groups per oligomer molecule, which are available for further reaction. 
[0042] Chain extension of bismaleimides according to the invention with diamines, wherein piperazine is preferred, 
results in a plurality of significant improvements in properties. Thus the liquid crystalline temperature range, even for 
bisaspartimides (n = 1). is for the most part considerably broadened compared with the corresponding bismaleimides. 
Thus the bismaleimide formed from 2 moles of maleimidohexanoic acid chloride and one mole of hydroquinone-bis(4- 
hydroxybenzoate) exhibits a nematic phase under the polarising microscope between 125 and 140°C, whilst the reac- 
tion product thereof with one mole of piperazine exhibits a nematic phase between 100 and about 325°C. Similar broad- 
ening^ of the liquid crystalline temperature range are also observed for other LC bismaleimides and are due to an 
increase in the typical length/diameter ratio of the liquid crystalline bismaleimides. In this connection, the liquid crystal- 
line temperature ranges also depend on the temperature of formation of the polyaspartimides. since in the upper region 
of the given reaction temperature range more products of higher molecular weight are formed, the mesogenic phases 
of which occur at higher temperatures than those which are produced at room temperature. 

[0043] A characteristic of all low and high molecular weight bismaleimides according to the invention is their capac- 
ity for thermal crosslinking at temperatures above 200°C. which is due to thermal crosslinking via maleimide groups. 
Depending on the mesogen used and on the alkylene spacer length, crosslinking may either occur in the mesogenic 
phase or may first occur in the isotropic phase above the clear point If para-substituted primary aromatic diamines are 
used for chain extension, the more weakly basic secondary amino groups of the aspartimide groups can also react with 
the maleimide double bonds by a Michael addition at higher temperatures above 150°C. Piperazine-modified products 
are therefore preferred in many cases. In each case, liquid crystalline compounds are present which are capable of 
thermal crosslinking. 

[0044] It is also of considerable practical importance that liquid crystalline properties are imparted by this mocBfica- 
tion even to those bismaleimides which do in fact contain mesogenic groups but which still do not exhibit liquid crystal- 
line behaviour. Thus, for example. 4.4'-biphenylyl-bis(oxy itself does not exhtoit a liquid 
crystalline transition, but merely exhibits a melting point at 1 10°C. wherein the melt remains isotropic under the polar- 
ising microscope. In contrast the oligomeric reaction product with half an equivalent of piperazine exhibits; after isola- 
tion, a broad melting range up to 1 14°C and moreover exhibits a nematic texture. The isolated oligomeric product from 
the reaction with one equivalent of piperazine exhibits a transition from the crystalline phase to the nematic phase at 
79°C and has a dear point of 1 80°C. 

[0045] The solubility of piperazine-modified bismaleimides in many organic solvents is also better than that of bis- 
maleimide starting materials, which is important for many applications. 

[0046] The present invention embraces a liquid crystalline medium for electro-optical display, which comprises one 
or more than one mesogenic-group-containing bismaleimide and/or oligomeric bismaleimide obtained by oligomeriza- 
tion of the mesc^enic-cjoup-containing bismaleimide according to the present invention. The liquid crystalline medium 
for electro-optical display of the present invention may contain, as the one or more than one bismaleimide and/or oligo- 
meric bismaleimide according to the present invention, at least one compound selected from the group of convention- 
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ally known liquid crystalline compounds within an extent not impairing the advantages of the present invention such as 
liquid crystallinrty. 

[0047] Specific examples of the conventionally known liquid crystalline compound include biphenyl compounds, 
terphenyl compounds, phenyl or cydohexyl benzoate compounds, phenyl or cyclohexyl cydohexanecarboxylate com- 
pounds, phenyl or cyclohexyl cyclohexexylbenzoate compounds, phenyl or cyclohexyl cyclohexylcyclohexanecarboxy- 
late compounds, cyclohexylphenyl benzoate compounds, cyclohexylphenyl cydohexanecarboxylate compounds, 
cyclohexylphenyl cyclohexylcydohexanecarboxylate compounds, phenylcyclohexane compounds, cyclohexylbiphenyi 
compounds, phenylcydohexylcyclohexane compounds, cyclohexylcyclohexane compounds, cydohexylcyclohexene 
compounds, cyclohexylcydohexytcydohexene compounds, 1 ,4-bis-cyclohexylben2ene compounds, 4 l 4'-bis-cyclohex- 
ylbiphenyl compounds, phenyl- or cydohexyl-pyrimidine compounds, phenyl- or cydohexylpyridine compounds, phe- 
nyl- or cyclohexyldioxane compounds, phenyl- or cyclohexyl-1 ,3-dithian compounds, 1 ,2<Jiphenylethane compounds, 
1 ,2-dicyclohexylethane compounds, 1 -phenyl-2-cydohexylethane compounds, 1 -cyclohexyl-2-(4-phenylcy- 
clohexyl)ethane compounds, 1-cyclohexyl-2-biphenylethane compounds, 1 -phenyl-2-cydohexyIphenylethane com- 
pounds and tolan compounds and fluorinated compounds thereof. Since the above-exemplified compounds differ in 
melting point and liquid crystallinrty, a liquid crystalline composition suited for various liquid crystalline media can be 
prepared using a plurality of them in combination. 

[0048] Bismaleimides according to the invention and aspartimide oligomers thereof are capable of forming IqufeJ 
crystalline networks in solution or in the melt by crosslinking, either purely thermally or with radical initiators. When used 
as additives in amounts of 5-50 % by weight, commercially available aromatic bismaleimide resins give rise to an 
improvement in the mechanical properties, primarily the toughness, of the cured products. They can also form liquid 
crystalline networks in combination with other unsaturated monomers, oligomers and reactive polymers. 
[0049] The synthesis and properties of bismaleimides according to the invention can be demonstrated by means of 
the following examples. 

Example 1: Hvdroqurnone-bisfmaleimidro 

[0050] 7.0 g (0.02 mole) hydroquinone-bis(4-hydroxybenzoate) were dissolved, with stirring and under Nfe, in a mix- 
ture of 70 g dimethyrtormamide and 6.9 g triethylamine, in a 100 ml round bottomed flask fitted with a magnetic stirrer 
bar and an isfe gas inlet tube. The mixture was cooled on an ice bath to 0 to 5°C and 1 1 .4 g (0.05 mole) maleimktohex- 
anoic acid chloride was added dropwise over 40 minutes. The batch was subsequently stirred for a further 15 hours at 
room temperature, the turbid, solids-containing mixture was filtered off and the filtrate was stirred into in 900 ml H2O. 
The resulting colourless solid was recrystallised from 200 ml toluene/ethanol (1 :1). 

Yield: 8.25 g = 56% theoretical. 

Under a polarising microscope equipped with a hot stage the substance exhibited a melting point of 125°C with the for- 
mation of a nematic texture and a dear pant of 140°C. 

Example 2: Hvdroqurnone-bisfmaleim^ 

[0051] 7.0 g (0.02 mole) hydroquinone-bis(4-hydroxybenzoate) were dissolved, with stirring and under N 2 , in a mix- 
ture of 70 g dimethytformamide and 6.9 g triethylamine, in a 100 ml round bottomed flask fitted with a magnetic stirrer 
bar and an N2 gas inlet tube. The mixture was cooled on an ice bath to 0 to 5°C and 15 g (0.05 mole) maleimidounde- 
canoic acid chloride dissolved in 50 ml dimethytformamide was added drop-wise over 40 minutes. The batch was sub- 
sequently stirred for a further 15 hours at room temperature, the turbid, solids-containing mixture was filtered off and 
the filtrate was stirred into 900 ml methand. The resulting colourless solid was washed with 300 ml methanol and dried 
overnight under vacuum. 

Yield: 14.00 g = 80% theoretical. 

Under the polarising microscope a sample of the compound from example 2 exhibited a melting point of 105°C and a 
clear point of 130°C. 

Example 3: 2-methv )hydroquirK»ne -bis ( r^^ 

[0052] 1 .4 g (3.8 mmole) 2-methyihydroquinone-bis(4-hydroxybehzoate) were dissolved, with stirring and under N 2 , 
in a mixture of 30 g dimethylformamide and 0.9 g triethylamine, in a 50 ml round bottomed flask fitted with a magnetic 
stirrer bar and an N 2 gas inlet tube. The mixture was cooled on an ice bath to 0 to 5°C and 2.0 g (8.6 mmole) maleirri- 
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dohexanoic acid chloride was added drop-wise over 10 minutes. The batch was subsequently stirred for a further 15 
hours at room temperature, the turbid, solids-containing mixture was filtered off and the filtrate was poured into 500 ml 
of iced water with stirring. In the course of this procedure, a while glutinous precipitate was deposited on the wall of the 
glass beaker. After removing the aqueous phase by decantation, the precipitate was embrittled with liquid N 2 , comrni- 
5 nuted, recrystallised from 200 ml methanol and dried under vacuum. 1 H and 13 C NMR spectra confirmed the formation 
of the desired product 

Yield: 2.85 g = 95% theoretical. 

10 Under the polarising microscope, a sample of the compound from example 3 exhibited a melting point of 91°C and the 
subsequent formation of a nematic texture The nematic melt solidified at 230°C without a clear point becoming visible. 

Example 4: 4.4 > 43iphenvlv»-bisfmal emidohexvl ester) 4.3 g (0.023 mole) 4,4 , -dihydroxybiphenyl were dissolved, with 
stirring and under N2, in a mixture of 55 g tfmethytformamide and 5.5 g triethylamine, in a 1 00 ml round bottomed flask 

is fitted with a magnetic stirrer bar and an N 2 gas inlet tube. The mixture was cooled on an ice bath to 0 to 5°C and 12.0 
g (0.052 mole) maleimidohexanoic acid chloride was added drop-wise over 45 minutes. The batch was subsequently 
stirred for a further 45 hours at room temperature, and the turbid, solids-containing mixture was stirred into 900 ml of 
iced water. The resulting yellow precipitate was washed with water and recrystallised from 200 ml methanol, 1.5 g of 
insoluble residue being filtered off hot. A total of 6.2 g of recrystallised product was isolated and was recrystallised 

20 again from methanol, with the bulk of the first crystallised product remaining undissolved. Since this residue only exhib- 
ited a weak OH band in its IR spectrum at 3400 cm -1 , the product was recrystallised a third time from 50 ml methanol. 
After isolation and drying under vacuum, 1 .6 g of the desired product were isolated, which had a purity of 95% as deter- 
mined by NMR and Bquid chromatography. 

The yield of 95% of the target product corresponded to 12.0% theoretical. 
25 The corresponding monoester, which was also a contaminant in the desired product, was dissolved in the filtrates from 
the first and second crystallisation steps. 

Under the polarising microscope a sample of the third recrystallised product exhibited a melting point of 1 10°C and 
formed an isotropic melt above that temperature. 

30 Exam ple 5: Piperazine-bisaspartimide of hvdroauirK>ne-bts(maleim^ 

[0053] 1.47 g (2 mmole) of the compound from example 1 were dissolved in 10 ml of dry dimethyrformamide and 
0.086 g (1 mmole) of solid piperazine were added. The batch was subsequently stirred for 15 hours at room tempera- 
ture. Thereafter, the solution was poured on to 1 00 ml of iced water, and the precipitate was filtered off, washed with 50 
35 ml water and dried under vacuum. 

The yield was 1 .22 g = 78,3% theoretical. 

1 H- and 13 C NMR spectra confirmed the formation of an aspartimide comprising two terminal maleimide groups. 
[0054] Under the polarising microscope a sample of the compound from example 5 exhibited a melting point of 
80°C and formed an anisotropic melt with a nematic texture, which became isotropic at 130 to 135°C. 

40 

Example fr Piperazine-polyaspartimide of hvdrrautnone-bisfmaleimti 

[0055] 1 .47 g (2 mmole) of the compound from example 1 were dissolved in 10 ml of dry dimethylformamtde and 
0.172 g (2 mmole) of solid piperazine were added. The batch was subsequently stirred for 15 hours at room tempera- 
45 ture. Work-up was as described in example 5. 
The yield was 1 .42 g = 86.4% theoretical. 

NMR spectra confirmed the desired aspartimide structure. Under the polarising microscope a sample of the compound 
from example 6 exhibited a melting point of 100°C and formed an anisotropic melt, the nematic texture of which 
changed at 125°C and which became isotropic and solidified at 320°C. 

60 

Example 7: Pipera zine-polyaspartimide of h v drcxiutnone-bisfmalei^ 

[0056] 1 .47 g (2 mmole) of the compound from example 1 were dissolved in 10 ml of dry dimethyHormamide and 
0.172 g (2 mmole) of solid piperazine were added. The batch was subsequently stirred for 24 hours at 60°C. Work-up 
55 was as described in example 5. The yield was 1.02 g = 53.1% theoretical. 

[0057] NMR spectra confirmed the desired aspartimide structure. Under the polarising microscope a sample of the 
compound from example 7 exhibited a melting point of 160°C and formed an anisotropic melt with a nematic texture, 
which solidified anisotropically at 300°C. 
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Example 8: 1,4-phenvlene-bisaspartimide of hvdro<^inone-bis(m^ 

[0058] 0.736 g (1 mmole) of the compound from example 1 were dissolved in 10 ml of dry dimethyrformamide and 
0.054 g (1 mmole) 1,4-phenylenediamine were added. The batch was stirred lor 19 hours at room temperature. Work- 
s up was as described in example 5. 

The yield was 0.57 g = 72.2% theoretical. 

NMR spectra confirmed the desired aspartimide structure. Under the polarising microscope a sample of the compound 
from example 8 exhibited a melting point of 115°C and formed an anisotropic mert, the nematic texture of which 
changed at 150°C and which became isotropic and solidified at 250°C. 

10 

Example 9: 1 t 4-pheny|Qne -TOlyaspartimide of hvdroauinone-bisfmateimidopen^ 

[0059] 0.736 g (1 mmole) of the compound from example 1 were dissolved in 10 ml of dry dimethytformamide and 
0.108 g (1 mmole) 1 ,4-phenylened»amine were added. The batch was stirred for 19 hours at room temperature. Work- 
75 up was as described in example 5. 

The yield was 0.48 g = 56.9% theoretical. NMR spectra confirmed the desired aspartimide structure. 

Under the polarising microscope a sample of the compound from example 9 exhibited a melting point of 122°C and 

formed an anisotropic melt the nematic texture of which changed at 190°C and which became isotropic and solidified 

at350°C. 

20 

Example 10: Piperazine-bisasoartimi de of hydroguinQne^s£r^ 

[0060] 0.877 g (1 mmole) of the compound from example 2 were dissolved in 5 ml dry dimethyrformamide and 
0.043 g (0.5 mmole) piperazine were added. The batch was stirred for 15 hours at room temperature. Work-up was as 
25 described in example 5. The yield was 0.73 g = 79.3% theoretical. NMR spectra confirmed the desired aspartimide 
structure. Gel chromatography in CHCI 3 using a polystyrene calibration standard (400 - 800,000 g/mole) showed that a 
mixture of about 80% bisasparimide was present in addition to about 20% of bismaleimide. 

[0061] Under the polarising microscope a sample of the compound from example 10 exhibited a melting point of 
1 00°C and formed an anisotropic melt with a nematic texture, which became isotropic at 1 1 8°C. 

30 

Example 11: PiperazineHJorvas oartimide of hvdroauinme43is(maleimidodecvtcaitx)nvloxvb 

[0062] 0.877 g (1 mmole) of the compound from example 2 were dissolved in 5 ml dry dimethyrformamide and 
0.086 g (1 mmole) piperazine were added. The batch was stirred for 15 hours at room temperature. Work-up was as 
35 described in example 5. The yield was 0.76 g = 78.6% theoretical. NMR spectra confirmed the desired aspartimide 
structure. Gel chromatography in CHCI 3 using a polystyrene calibration standard (400 - 800,000 g/mole) showed a mix- 
ture of oligomers comprising 1-12 repeating units and a small amount of higher polymers with molecular weights 
>20,000 g/mole. 

Under the polarising microscope a sample of the compound from example 1 1 exhibited a melting point of 105°C and 
40 formed an anisotropic melt with a nematic texture, which became isotropic at 1 30°C. 

Example 12: Piperazi ne-bisasDartimide of biohenvlvibisfmaleimidohexvl ester) : 

[0063] 0.67 g (1.2 mmole) of the compound from example 4 were dissolved in 5 ml dry DMF and treated with 0.051 
45 g (0.6 mmole) of solid piperazine. The batch was stirred for 15 hours at 70°C. After cooling, the turbid solution was fil- 
tered and was added drop-wise to 70 ml of iced water. The resulting precipitate was washed with 100 ml water, isolated 
and dried under vacuum. The yield was 0.6 g = 82.7% theoretical. NMR spectra confirmed the desired aspartimide 
structure. Under the polarising microscope a sample of the compound from example 12 exhibited a broad melting range 
and above 1 14°C formed an anisotropic melt with a nematic texture, which solidified at about 240 °C. 

so 

Example 13: Piperazinenjolvasp artimide of bbhenvlvl-bisfmaleimidohexvl ester) : 

[0064] 0.3 g (0.5 mmole) of the compound from example 4 were dissolved in 5 ml of dry CH 2 CI 2 together with 0.045 
g (0.5 mmole) piperazine and were stirred for 4 hours at room temperature. After the removal of the solvent, the sold 
55 residue was stirred with 20 ml water, filtered off and dried under vacuum. The yield was 0.3 g = 87% theoretical. NMR 
spectra confirmed the desired aspartimide structure. 

Under the polarising microscope a sample of the compound from example 13 exhibited a melting point of 79°C and 
formed an anisotropic melt with a nematic texture, which became isotropic and solidified at 180 °C. 
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Example 14: Piperazine-bi saspartimide of 2-metMhvdroauinon&-bisto 

[0065] 1.00 g (1 mmole) of the compound from example 3 were dissolved in 10 ml of dry Ch^C^ together with 
0.045 g (0.5 mmole) piperazine and were stirred for 4 hours at room temperature. After the removal of the solvent the 

s solid residue was stirred with 50 ml water, filtered off and dried under vacuum. The yield was 0.90 g = 86% theoretical. 
NMR spectra confirmed the desired aspartimide structure. Gel chromatography in THF using a polystyrene calibration 
standard (400 - 800,000 g/mole) showed that a bisaspartimide with a molecular weight of 1600 g/mole had been formed 
as the main product, in addition to which there were oligomers present which had molecular weights up to 4500 g/mola 
Under the polarising microscope a sample of the compound from example 14 exhibited a melting point of 92°C and 

w formed an anisotropic melt with a nematic texture, which became isotropic at 1 34°C. 

Example 15: Piperazinenaolva spartimide of 2-methvlhvdrcx3uinone43isrmale^ 

[0066] 0.25 g (0.33 mmole) of the compound from example 3 were dissolved in 5 ml of dry Ch^Cfe together with 
15 0.029 g (0.33 mmole) piperazine and were stirred for 4 hours at room temperature. After the removal of the solvent, the 
solid residue was stirred with 20 ml water, filtered off and dried under vacuum. The yield was 0.24 g = 86% theoretical. 
NMR spectra confirmed the desired aspartimide structure. Gel chromatography in THF using a polystyrene calibration 
standard (400 - 800,000 g/mole) showed that the presence of a broad distribution of oligomers with molecular weights 
ranging up to 7000 g/mole. 

20 [0067] Under the polarising microscope a sample of the compound from example 15 exhibited a melting point of 
96°C and formed an anisotropic melt with a nematic texture, which became isotropic and solidified at 180°C. 

Example 16: 4.4 , 4?i|^erwlvl^s(oxvpentvlmaleimide): 

25 a.) Synthesis of 4.4^iphenvM4>isfoxvbijtwonitril^ 

[0068] 9.3 g (0,05 mole) 4.4 , -dihydroxybiphenyl, 20.7 g (0.15 mole) anhydrous K2CO3 and 0.5 g potassium iodide 
in 200 ml acetone were heated to reflux temperature and homogenised for 1 hour in a 500 ml round bottomed flask filled 
with a magnetic stirrer bar, a reflux condenser and a dropping funnel, and a solution of 16.2 g (0.1 mole) 5-bromova- 
30 leronrtrile in 1 5 ml acetone was then added drop-wise over 1 5 minutes. The mixture was then boiled for 25 hours under 
reflux. After cooling, a further 100 ml acetone were added and the suspension was filtered under suction. The solid was 
washed with 600 ml HgO, dried, and recrystallised from 100 ml CHCI 3 . 

After drying under vacuum, the yield of recrystallised product was 14.1 g = 81% theoretical. M.p: 170°C. The NMR and 
mass spectra corresponded to the desired substance. 

35 

b> Synthesis of 4.4 , 4>ipherwlvl4>is(oxvpentvlamine^: 

[0069] 8. 1 g (0.21 mole) of powdered UAIH 4 were suspended in 1 90 ml dry diethyl ether under Nfe in a 500 ml three- 
necked flask fitted with a reflux condenser, stirrer, dropping funnel and gas inlet tube and were cooled to 0 to 5°C in 

40 an ice bath, followed by the careful drop-wise addition of 10.4 g (0.106 mole) of 96% H2SO4 over 40 minutes. The mix- 
ture was stirred for 1 hour in an ice bath and then 12.0 g (0.034 mole) 4,4'4)iphei^-bis(4<sxybutyronitrile) in 150 ml 
CH 2 CI 2 were added drop-wise over 50 minutes. The batch was then heated for 1 hour under reflux and was stirred over- 
night at room temperature. The reaction mixture was subsequently treated dropwise, whilst being cooled in ice and 
whilst being vigorously stirred, with 53 ml HgO. After the exothermic reaction had died down, a solution of 10.5 g (0.26 

45 mole) NaOH in 95 ml HgO was rapidly added. Thereafter, the batch was filtered under suction and the filtrate was evap- 
orated. The filter cake was extracted twice, hot with 250 ml CHCI 3 each time and was filtered. The chloroform extracts 
were combined with the residue from evaporation and the solvent was completely removed under vacuum. The crystal- 
line product was dried under vacuum at 50°C. 

so Yield: 9.5 g = 78% theoretical. 

M.p.: = 132 to 134°C. The NMR and mass spectra corresponded to the desired substance. The purity was about 
95% as determined by GC. 

C).Svnthesis Of ^^-bipherwM^isrox ypentvlmaieimide^ 

55 

[0070] 7.1 g (0.02 mole) 4,4 , -biphenylyl-bis(oxypentylamine) from example 16b were dissolved at room tempera- 
ture in a mixture of 50 ml of anhydrous propionic add and 30 ml xylene in a 100 ml round bottomed flask fitted with a 
water trap and a reflux condenser. 3.9 g (0.04 mole) maleic anhydride and 0.1 ml concentrated H2SO4 were added and 
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the reaction mixture was boiled under reflux on an oil bath at a temperature of 1 70 to 1 75°C for ^ hours, during which 
penod 1 .1 ml of a mixture of water and propionic acid was collected in the trapi A precipitate was formed on cooling 
and after isolation was extracted hot with 50 ml chloroform. After the removal of the solvent and drying under vacuum 
there remained a colourless, crystalline product, the NMR spectra of which corresponded to the desired substance. 

Yield: 4.7 g = 45.6% theoretical. 

M.p. : = 156 to 160 °C. The substance exhibited no liquid crystalline behaviour under the microscope. 
Example 17: Piperazine-bisasoarti mide of 4.4'-biphenvM-bisf oxvpentvl-maleimidel : 

[0071 J 0.5 g (0.97 mmole) of the compound from example 16 were dissolved in 1 1 ml of dry Ch^Cfe together with 
0.042 g (0.48 mmole) piperazine and the batch was stirred for 4 hours at room temperature. After the removal of the 
solvent the solid residue was stirred with 20 ml water, filtered off and dried under vacuum. The yield was 0.44 g = 87% 
theoretical. The NMR spectra confirmed the desired aspartimide structure. 

[0072] Under the polarising microscope a sample of the compound from example 17 exhibited a melting point of 
130°C and formed an anisotropic melt with a nematic texture, which solidified above 250°C. 

Example 18: Piperaz ine-polyaspa rtimid e of 4.4^biph & nvlvl^isfQxvt^ntvlHTiaJeimid e ) ' 

[0073] 0.5 g (0.97 mmole) of the compound from example 16 were dissolved in 1 1 ml of dry CHgCfe together with 
0.0843 g (0.97 mmole) piperazine and the batch was stirred for 4 hours at room temperature. After the removal of the 
solvent the solid residue was stirred with 20 ml water, filtered off and dried under vacuum. The yield was 0.47 g = 92.5% 
theoretical. The NMR spectra confirmed the desired aspartimide structure. 

Under the polarising microscope a sample of the compound from example 18 exhibited a melting point of 1 15°C and 
formed an anisotropic melt with a nematic texture, which became isotropic and solidified at 200°C. 

Examples of syntheses of precursors of LC btsmaleimides: 

Maleirnkfohexanoic acid chloride: 

[0074] 44.0 g (0.209 mole) maleimidohexanoic add were dissolved in 250 ml of dry CH 2 CI 2 in a 500 ml round bot- 
tomed flask fitted with a stirrer, reflux condenser and CaCI 2 drying tube, and were treated with 34.8 g (0.29 mole) SOCU 
and boiled under reflux for 3.5 hours. The CH 2 Cl2 was distilled off under normal pressure from the orange-coloured sus- 
pension which was thus obtained, and the SOCI 2 was subsequently distilled off at 80 mbar. After the addition of 0.1 g 
phenothiazine as a polymerization inhibitor, the dark-coloured residue was then subjected to fractional distillation via a 
20 cm Vigreaux column. 15.2 g of a first fraction were collected over a boiling range of 140 to 145°C/0.02 mbar The oil 
bath temperature was subsequently increased to 1 90*C and 7.4 g of a second fraction with the same boiling range were 
isolated. Both distillates crystallised rapidly at room temperature. As determined by GC/MS both fractions were identical 
and had a purity of 96-97% as determined by GC. Yield after distillation: 47.2% theoretical. 

Maleimidoundecanoic acid chloride : 

[0075] 24.0 g (0.085 mole) maleimidoundecanoic add were dissolved in 50 ml of dry CHgClg in a 250 ml round bot- 
tomed flask fitted with a stirrer, reflux condenser and CaC^ drying tube, and were treated with 31.0 g (0.24 mole) oxalyl 
chloride and boiled under reflux for 15 hours at an oil bath temperature of 70 to 75°C. Subsequently, the Ch^C^ was 
first distilled off under normal pressure, and the oxalyl chloride was distilled off at 0.01 mbar. On account of its suscep- 
tibility to hydrolysis, the dark-coloured residue was not purified further, but was immediately used for further syntheses. 
Yield: 25.5 g = 1 00% theoretical. The maleimidoundecanoic acid chloride had a purity of 94% as determined by GC/MS. 

5-Bromooentvlmaleimidpr 

[0076] 12 g (0.124 mole) maleimide were dissolved in 60 ml ethyl acetate and 22.4 g (0.33 mole) distilled furane 
were added over 10 minutes, whereupon the mixture became slightly warm, and the batch was stirred for 25 hours at 
room temperature. The precipitate was subsequently filtered off under suction and was dried under vacuum at room 
temperature. Yield: 10.5 g = 51.3% theoretical. The substance was pure as determined by GC and its IR. NMR and 
mass spectra corresponded to the desired 7-oxabicycloheptene-1 ,2-dicarboxylic acid imide. 

1 0 g (0.06 mole) of this imide were in dissolved in 300 ml distilled DMF, an amount of Kl which covered the tip of a spat- 
ula was added, and 8.1 g (0.072 mole) K-tert.-butylate were added under N 2 . After 2 hours 69.6 g (0.303 mole) 1 5- 
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dibromopentane in 100 ml DMF were added drop-wise over 7 hours with stirring and at room temperature. The batch 
was subsequently stirred for 50 hours at room temperature. The DMF solution was filtered from the precipitated KBr and 
the DMF was substantially removed by distillation in a rotary evaporator under vacuum. The liquid residue was distilled 
in a microdistillation apparatus under a vacuum of 1 x 10" 3 mbar, whereupon at a boiling temperature of 50-55°C it was 
5 solely the excess 1 ,5-dibromopentane which distilled over. The temperature of the oil bath was then slowly raised to 
1 40°C. After a preliminary flow of 2.3 g, 5.5 g product distilled over at a boiling temperature of 1 1 3°C/3 x 1 0 3 mbar. This 
product was pure as determined by GC, and its IR, TMMR and mass spectra corresponded to the desired 5-bromopentyl- 
maleimide. Yield: 5.5 g = 37.4%. 

w SYPthesiS Of hvciroqu»PQne-bi$f4-hvdroxvbenzoate> (according t o F N. Jones et aL Polym. Preor. ACS. 30M21. 462 
(1989)): 

[0077] A mixture of 35.8 g (0.325 mole) hydroquinone, 89.6 g (0.65 mole) 4-hydroxybenzoic acid, 0.2 g p-tolue- 
nesulphonic acid and 8 g Shelisol A (a mixture of aromatic hydrocarbons, boiling range 225 to 250°C) was heated under 

is N2 to 208°C in a 250 ml three-necked flask fitted with a Dean and Stark water trap, a stirrer and an ts^-inlet tube, where- 
upon H 2 0 distilled off azeotropically. After the theoretical amount of water of 1 1 .8 ml had been formed, the batch was 
cooled, the solid brown residue was boiled twice in 500 ml methanol each time, and the hot suspension was f Btered 
under suction and washed with copious amounts of hot methanol. The white product was dried under vacuum at 80°C. 
The yield was 99.2 g = 86.8% theoretical. The NMR spectra corresponded to the desired compound. As observed 

20 under the polarising microscope, the melting point was 270°C with the subsequent formation of a nematic phase. 

[0078] 2-methylhydroquinone4>is(4-hydroxybenzoate) was also produced from 0.5 mole 2-methyihydroquinone 
and 1 mole 4-hydroxybenzoic acid by the same method. Yield: 47.0 g = 25.8% theoretical. The NMR spectra corre- 
sponded to the desired compound. . As observed under the polarising microscope, the melting point was 250°C with 
the subsequent formation of a nematic phase. 

25 

Example 19: 4,4^iohenvlvl-tasroxvDentvlmaleimide^ 

[0079] 2.0 g (0.01 1 mole) 4,4 , -dihydroxybiphenyl. 4,4 g (0.032 mole) K 2 C0 3 and 0.1 g Kl were suspended in 80 ml 
dry acetone and heated for 1 hours under reflux. A solution of 6.6 g (0.026 mole) 5-bromopentyImaleimide in 80 ml ace- 
30 tone was then added drop-wise over 30 minutes and the batch was heated for 20 hours under reflux. After cooling, the 
mixture was cooled in a mixture of ice and common salt and the precipitate which was formed was filtered off under 
suction. The acetone solution was evaporated to dryness and the residue was recrystallised from 50 ml chloroform. 
After drying under vacuum, there remained a colourlesss, crystalline product, the NMR spectra of which corresponded 
to the desired substance. Yield: 4.2 g = 74.0% theoretical. M.p. : = 1 56-1 60°C. 

35 

(Example 20) 

Preparation of Compound (1): 
40 [0080] 



45 




F 



so <Step1> 

Preparation of Compound (2): 
[0081] 

55 
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Cr°0-' 



[0082] In a 300 ml eggplant type flask fitted with a thermometer and a dropping funnel, 4-iodophenol (29.0 g) , para- 
toluenesulfonic acid (9 mg) and dichloromethane (50 ml) were charged, followed by stirring over an ice bath to prepare 
a suspension. To the resulting suspension, 220 ml of a dichloromethane solution of 3,4-dihydropyrane (22.2 g) were 
added dropwise over about 1 hour while maintaining the temperature at not higher than 10°C. 
[0083] The reaction mixture was then stirred at room temperature for about 4 hours under a nitrogen atmosphere. 
When the reaction mixture became a uniform brown solution, the progress of the reaction was checked by thin-layer 
chromatography or gas chromatography. After confirmation of the disappearance of the starting materials, the reaction 
was terminated. The reaction mixture was washed successively with a saturated aqueous solution of sodium bicarbo- 
nate and a saturated saline and then dried over anhydrous potassium carbonate. After the potassium carbonate was 
filtered off. the solvent was removed from the f fltrate, whereby a crude product (47.2 g) was obtained. The crude product 
thus obtained was purified by silica gel chromatography (250 g of silica gel. hexane/dichloromethane = 2/1 by volume) 
to yield a target product. 

Yield: 37.1 g (93%). 

13 C-NMR(75MHz, DMSO-d 6 ): 5 (ppm)=1 8.391 , 24.527, 29.618, 61.432, 84.182, 95.655, 119.039 137824 
156.338 

<Step2) 

Preparation of Compound (3): 
[0084] 



[0085] In a 1 liter four-necked flask fitted with a thermometer and an ISfe gas inlet tube, the compound (2) (60 g) and 
trimethylsilylacetylene (23.26 g) were weighed. The resulting mixture was dissolved in dimethytformamide (240 g) and 
triethylamine (70 g), followed by the addition of triphenylphosphine palladium (2.74 g) and copper iodide (0.75 g) as cat- 
alysts in a nitrogen atmosphere under cooling (25 °C) with water. 

[0086] After the disappearance of the starting materials was confirmed by gas chromatography, the reaction was 
terminated. To the reaction mixture, 1 liter of ethyl acetate was added. The resulting mixture was washed 3 times with 
500 ml of saturated saline and then dried over potassium carbonate. After potassium carbonate was filtered off, the sol- 
vent was removed from the filtrate, whereby a crude product was obtained. Yield: 61 g. 

13 C-NMR(75MHz, DMSO-d 6 ): S (ppm)=0.004, 18.461, 24.555, 29.671, 61.567, 92.361, 95.627, 1 15.037, 116.419 
132.992, 156.902 

<Step3) 

Preparation of Compound (4): 
[0087] 
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[0088] In a 300 ml three-necked flask fitted with an N 2 gas inlet tube, a thermometer and a dropping funnel. 
tetrabutylammorB'um fluoride (46 g) was weighed and it was dissolved in 65 g of dichloromethane. While maintaining 
the temperature at not higher than 10°C over an ice bath in a nitrogen atmosphere, 100 ml of a dichloromethane solu- 
tion of the compound (3) (39 g) were added dropwise to the resulting solution over 30 minutes. After completion of the 
dropwise addition, the reaction mixture was stirred at room temperature for about 3 hours. The progress of the reaction 
was checked by gas chromatography. After confirmation of the disappearance of the starting materials, the reaction was 
terminated. 

[0089] The reaction mixture was washed twice with saturated saline and dried over anhydrous potassium carbon- 
ate. After the potassium carbonate was filtered off. the solvent was removed from the filtrate, whereby a crude product 
(70 g) was obtained. The crude product was purified by column chromatography (silica gei/dichloromethane). whereby 
a target product was obtained. Yield: 25 g. 

13 C-NMR(75MHz, DMSO^e): 5 (ppm)-18.448, 24.551. 29.651. 61.555. 79.197. 83.367. 95.614. 114.531 
116.489.133.021.156.832 

(Step4> 

Preparation of Compound (5): 
[0090] 




F 



[0091 ] In a 1 litter four-necked flask fitted with a dropping funnel, a thermometer and a hydrogen chloride exhaust 
tube, aluminum chloride (32 g) was weighed and dispersed in 120 ml of cfichloromethane by stirring. To the resulting 
dispersion, acetyl chloride (21 g) was added dropwise over 2 hours, followed by dropwise addition of 200 ml of a cfichlo- 
romethane solution of 4-bromo-2-f luoro-1 -phenylbenzene (50 g). About 4 hours later, the progress of the reaction was 
checked by gas chromatography. 

[0092] To the starting materials which had remained unreacted, 4 g of acetyl chloride and 5 g of aluminum chloride 
were added further. Three hours later, the progress of the reaction was checked by gas chromatography again. After 
confirmation of the disappearance of the starting matedais. the reaction was terminated. In a 1 liter beaker, about 500 
g of crushed ice were charged, in which the reaction mixture was charged in portions. Aluminum chloride was com- 
pletely inactivated by stirring the reaction mixture by a mechanical stirrer for about 30 minutes. The organic layer was 
washed twice with saturated saline and dried over anhydrous magnesium sulfate. The solvent was then removed 
whereby a product was obtained. Yield: 57 g. 

13 C-NMR(75MHz, DMSOdg): 5 (ppm)=26.706. 119.368. 119.713. 121.860. 126.622, 128.193, 128.456 128 933 
132.198. 136.138. 138.474. 157.202. 160.533. 197.413 

(Step 5) 

Preparation of Compound (6): 
[0093] 
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Br 




OH 



(6) 



F 



[0094] As a reactor, a 1 liter four-necked flask was used, while a magnetic stirrer was employed for stirring. The 
reactor was f itted with a thermometer and a Dimroth condenser. In the reactor, formic add (750 ml) and the compound 
(5) (50 g) were weighed. While stirring the resulting mixture, aqueous hydrogen peroxide (34.5%, 50 ml) was added 
thereto, followed by reflux under heating by a mantle heater. About 12 hours later, the progress of the reaction was 
checked by gas chromatography. Since it was confirmed that a further decrease in the starting materials stopped, the 
reaction was terminated. 

[0095] In a draft, the reaction mixture was ice cooled. A 10% aqueous solution of sodium bisulfite was added to the 
reaction mixture, which generated a large amount of a sulfur dioxide gas and decomposed the peroxide. Complete 
decomposition of the peroxide was checked using a potassium iodate starch paper. The reaction mixture was extracted 
twice with 500 ml of ethyl acetate. The organic layers were combined, followed by washing with water in repetition to 
adjust its pH to about 4. The organic layer was then neutralized by washing with a saturated aqueous solution of sodium 
bicarbonate. In the end, it was washed twice with saturated saline. After the organic layer was dried over anhydrous 
magnesium sulfate, the solvent was removed, whereby 50 g of a crude product were obtained. The resulting crude 
product was purified by column chromatography (500 g of alumina / toluene to ethyl acetate), whereby a target product 
was obtained. Yield: 30 g (70%). 

(Step 6) 

Preparation of Compound (7): 
[0096] 



[0097] In a 200 ml two-necked flask fitted with a thermometer, a dropping funnel and an fsfe gas inlet tube, 4-(4- 
bromo-2-fluorophenyl) phenol (30 g), dichloromethane (50 ml) and paratoluenesurfonic acid (10 mg) were weighed. The 
resulting mixture was cooled over an ice bath and a dichloromethane solution (20 ml) of 3,4<iihydropyran (18.9 g) was 
added dropwise thereto over 30 minutes at a temperature maintained at not higher than 1 0°C. 

[0098] After completion of the dropwise addition, the reaction mixture was stirred at room temperature. The 
progress of the reaction was checked by gas chromatography. After confirmation of the disappearance of the starting 
materials, the reaction was terminated. The reaction mixture was then washed successively with a saturated aqueous 
solution of socfium bicarbonate and saturated saline and dried over anhydrous potassium carbonate. The solvent was 
then removed, whereby a crude product was obtained. The resulting crude product was purified by column chromatog- 
raphy (silica gel/hexane : toluene : dichloromethane = 1 :1 :1 by volume), whereby a target product was obtained Yield* 
30.5 g. 

(Step 7) 

Preparation of Compound (1): 
[0099] 




F 
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0) 



[0100] In a 1 liter four-necked flask fitted with an N 2 gas inlet tube, a Dimroth condenser and a thermometer, the 
10 compound (4) (20.7 g), the compound (7) (30 g), 300 ml of dimethylformamide and 60 ml of triethylamine were weighed 
and they were stirred. To the reaction mixture, triphenylphosphine palladium (2.4 g) and copper iodide (0.98 g) were 
added as catalysts, followed by purging with a nitrogen gas. Reaction was effected for about 4 hours by heating the 
resulting mixture to 90°C by a mantle heater. The progress of the reaction was checked by a thin-layer chromatography. 
After confirmation of the disappearance of the starting materials, the reaction was terminated. 
is [OIOI] To the reaction mixture, 500 ml of toluene were added and the resulting mixture was washed 3 times with 
saturated saline. After the organic layer was dried over potassium carbonate, the solvent was removed, whereby a 
crude product was obtained. The resulting crude product was purified by column chromatography (silica gel/toluene), 
whereby a target product was obtained. Yield: 31 g. 

20 13 C-NMR(75MHZ. DMSO-dg): 5 (ppm)=18.662, 25.143, 30.194, 62.040, 87.077. 90.572, 96.272, 115.823, 

116.472, 118.710. 119.039. 123.747, 127.584, 128.440, 130.011, 130.241, 130.298. 133.037. 156.947. 157.350 
157.613. 160.887 : 

FT-IR(crrT 1 ):2940, 2880. 2850. 2210. 1600. 1540. 1510. 1400. 1350. 1280. 1200, 1180. 1110, 1040. 1020 960 
25 920. 770. 830 

<Step8> 

Preparation of Compound (8) : 

30 

[0102] 



35 




F 



40 

[0103] In a 500 ml four-necked flask f itted with a Dimroth condenser and a thermometer, the compound (1) (10 g) 
was weighed To the compound, 100 ml of tetrahydrofuran were added to dissolve the former in the latter while heating 
by a drier. To the resulting solution. 1 0% hydrochloric acid (1 00 ml) was added, followed by stirring for about 30 minutes. 
After confirmation of the disappearance of the starting materials by thin-layer chromatography, the reaction was termi- 
45 nated. 

[0104] To the reaction mixture, 500 ml of ethyl acetate were added and the resulting mixture was washed twice with 
saturated saline. After the organic layer was dried over magnesium sulfate, the solvent was removed, whereby a target 
product was obtained. The reaction yield was stoichiometric. 

so 13 C-NMR(75MHz, DMSO-de): 6 (ppm)=86.221, 91.140, 111.957, 115.510, 115.782. 115 921, 118.109, 118 438, 

122.649, 122.781. 124.821. 124.845. 127.576, 129.838. 130.398, 157.556, 158.362. 160.188 

FT-IR(cm- 1 ):3400. 2360. 2200. 1900. 1650. 1610. 1550. 1510. 1490, 1440. 1410. 1370, 1320. 1250, 1180. 1100. 
1010, 950. 870. 830, 820. 620, 590, 540 

55 
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(Step 9) 

Preparation of Compound (9): 
5 [0105] 



O F O 



10 




15 

[0106] In a 50 ml three-necked flask fitted with a dropping funnel and a Dimroth condenser, 3.1 g (14.5 mmoi) of 
maleimidehexanoic acid were weighed under a nitrogen atmosphere and suspended in 20 ml of toluene. To the result- 
ing suspension, 13.1 g (62.4 mmol) of trifluoroacetic anhydride were added to dissolve the latter in the former, followed 
by stirring for 30 minutes. To the reaction mixture, 2.0 g (6.6 mmol) of the compound (8) were added. The resulting mix- 

20 ture was heated over an oil bath and ref luxed at 54°C. The reflux temperature showed a gradual increase and four hours 
later, it reached 58°C. After confirmation of the reaction by thin-layer chromatography, reflux was terminated. 
[0107] The reaction mixture was neutralized with a saturated aqueous solution of sodium bicarbonate, while cooling 
over ice water bath. The neutralized mixture was extracted with ethyl acetate. The organic layer was washed 3 times 
with saturated saline and then dried over anhydrous sodium sulfate. The solvent was removed, whereby a crude prod- 

25 uct was obtained. The crude product was recrystallized from ethanol. The resulting crystals were washed with methanol 
and then dried under reduced pressure, whereby a target product was obtained. Yield: 2.5 g (56%). 

1 H-NMR(300MHz. CDCI3): 5 (ppm) = 7.59 - 7.53 (4H). 7.44 - 7.29 (3H). 7.17 (2H). 7.10 (2H), 6.69 (4H). 3.56 (4H). 
2.57 (4H), 1.85 - 1.62 (8H), 1.43 (4H) : 

30 

13 C-NMR(75MHz, CDCI3): 5 (ppm) = 171.8. 171.6, 170.8, 160.9, 157, 150.8, 150.5, 134.1, 132.8, 130.6, 130.0, 
128.3, 127.8. 124.0, 121.7, 121.8, 120.3, 119.3. 118.9, 90.0, 88.0, 37.6, 34.1, 28.2, 26.2, 24.3 : 

FT-IR(cm" 1 ):3450, 3100. 2920, 2850, 1750, 1710. 1540, 1510, 1440, 1410, 1370, 1300, 1210. 1170. 1130, 1010, 
35 950, 920, 840, 700 : 

DI-EI-MS (70eV): nVz= 690, 497, 469, 304, 110 

Elemental analysis: C=69.2, H=5.2, N=3.8, Calculated (C=69.35, H=5.38. N=4.04), Liquid crystal - isotropic phase 
40 transition temperature: 1 41 °C, Crystal - liquid crystal transition temperature: 1 21 °C 

Example 21: Example of liquid crystalline composition 

[0108] Mixed were 9 parts by weight of hydroquinone4>is(maleimidodecylcarbonyloxv^ synthesized in 

45 Example 2 and 91 parts by weight of piperazine-bisaspartimide of hydroquinone^is(maledimidc>perrtylcart>onyk)xy- 
benzoate) synthesized in Example 5, followed by dissolution on a hot plate while heating to 150°C. As a result of obser- 
vation of the resulting composition under a polarizing microscope equipped with a hot stage while slowly cooling, the 
resulting composition gradually came to have a liquid crystalline phase at 1 35 to 1 40°C and the liquid crystalline phase 
was observed even at room temperature (25°C) . 

so 

Example 22: Example of liquid c rystalline composition 

[0109] Mixed were 30 parts by weight of hydroquinone^is(maleimidopentylcarbonvloxybenzoate) synthesized in 
Example 5 and 70 parts by weight of piperazine-bisaspartimide of hydroquinone-bis(maledimidCKJecylcarbc)nyloxyben- 
ss zoate) synthesized in Example 10. followed by dissolution on a hot plate while heating to 150°C. As a result of obser- 
vation of the resulting composition under a polarizing microscope equipped with a hot stage while slowly cooling, the 
resulting composition gradually came to have a liquid crystalline phase at 130 to 120°C and the liquid crystalline phase 
was observed even at room temperature (25°C). 
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Example 23: Example of liquid crystalline composition „ 

[0110] Mixed were 90 parts by weight of hydroquinone-bis(maJeimi synthesized in 

Example 1 and 1 0 parts by weight of hydroquinone^is(maledimidodecylcai±>onyloxyben2oate) synthesized in Example 
2, followed by dissolution on a hot plate while heating to 150°C. As a result of observation of the resulting composition 
under a polarizing microscope equipped with a hot stage while slowly cooling, the resulting composition gradually came 
to have a liquid crystalline phase at 130 to 140°C and the liquid crystalline phase was observed even at room temper- 
ature (25°C). 

Example? 24; Example of liquid" crv^Hing composition 

[0111] Mixed were 10 parts by weight of hydroqumme-bisfrraleimkjode synthesized in 

Example 2, 85 parts by weight of piperazine-bisaspartimide of hydroquinone4>is(maledimidopentylcarbonyloxy- 
benzoate) synthesized in Example 5 and 5 parts by weight of a fluorine-substituted phenyltoian derivative synthesized 
in Example 20, followed by dissolution on a hot plate while heating to 150°C. As a result of observation of the resulting 
composition under a polarizing microscope equipped with a hot stage while slowly cooling, the resulting composition 
gradually came to have a liquid crystaTCne phase at 130 to 140°C and the liquid crystalline phase was observed even 
at room temperature (25°C). 

[Advantages of the Invention] 

[0112] The present invention can provide novel liquid crystalline bismaleimide containing a cross-linkable mes- 
ogenic group and oligomeric liquid crystalline bismaleimide; a liquid crystalline medium for electro-optical display, which 
comprises said liquid crystalline bismaleimide and/or said oligomeric liquid crystalline bismaleimide; and production 
processes thereof. 



1 • Bismaleimides comprising mesogenic groups, characterised in that these consist, corresponding to (I), of two reac- 
tive terminal maleimide groups which are linked via linear or singly alkyl-substituted alkylene chains A, which are 
linked to an aromatic mesogen M via ester, amide or ether groups. 



wherein A independently represents an alkylene chain comprising 3 to 20 CH 2 groups, wherein one C atom of each 
alkylene chain A can be chiral due to alkyl substitution, X independently represents -C(0)0, -C(0)NH- or -O, and 
M represents a mesogen consisting of at least two rings including an aromatic or a heterocyclic ring, which are 
linked para to each other by single bond, -CH^CH^. -CH=CH-, -C=C-. ester (-COO-). amide (CONH-), methyl stil- 
bene (-C(CH 3 =CH-), azomethine ( CH=N-). azine (-CH=N-N=CH-), azo (-N=N-) or azoxy (-N(0)=N-) groups, and 
which can be mono- or di-substrtuted by alkyl groups, wherein the terminal aromatic rings are each substituted in 
the para position to these linking groups by an O or NH group of X, and R independently represents an H atom, an 
alkyl group comprising 1 to 8 C atoms, a phenyl ring or a halogen atom. 

2. Oligomeric liquid crystalline bismaleimides of general formula (II) 



Claims 
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O 0 

~~>Hr 



-X — M X-A-N | 




(II) 



wherein A, X. M and R are defined as in claim 1 , n represents an integer from 1 to 100 and B represents piperazinyl 
or a divalent radical which is derived from a primary or secondary para-substituted cyclic diamine, wherein B is 
bonded via the amino groups of the diamine. 

3. Oligomeric liquid crystalline bismaleimides according to claim 2, characterised in that B represents piperazinyl. 

4. Oligomeric liquid crystalline bismaleimides according to claim 2, characterised in that B represents the divalent rad- 
ical of a para-substituted aromatic primary or secondary diamine. 

5. A method of producing bismaleimides comprising mesogenic groups of general formula (I) as defined in claim 1 in 
which X represents -QO)0- or -C(0)NH-, characterised in that maleimidoalkylcarboxylic acids of general formula 



COOH 



o 



wherein R and A are as defined in claim 1, are converted into the corresponding acid chloride, 2 equivalents of the 
acid chloride are reacted with a compound of formula 



HOM-OH 



or 



H 2 N-M-NH 2 , 

wherein M is defined as in claim 1, in a suitable solvent, optionally in the presence of a catalyst and/or an acid 
acceptor, and at a temperature of 0 to 70°C, and the bismaleimide is isolated. 

6. A method of producing bismaleimides comprising mesogenic groups of general formula (I) as defined in claim 1 , 
wherein X represents -O-, characterised in that 

(i) a compound of general formula HOM-OH, wherein M is defined as in claim 1, is reacted with 2 equivalents 
of an tt,»-haloalkane nitrile of general formula 



Hal-A'-CN, 

wherein Hal represents a halogen atom and A' represents an alkylene chain comprising 2 to 19 CH 2 groups, 
and wherein one C atom of each alkylene chain A' can be chiral due to alkyl substitution, in a suitable aprotic 
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dipolar solvent, in the presence of a catalyst and/or of an add acceptor, and at a temperature of 20 to 200°C 
preferably 50 to 1 50°C, to form an a,a>-dinitrile of general formula 

NC-A'-O-M-O-A'-CN, 
wherein A' and M are defined as above, 

(ii) the a,»-dinrtrile is reduced with a complex metal hydride in the presence of a strong acid with subsequent 
hydrolysis to form the corresponding a,<D-diamine of general formula 

hbN»CH 2 -A-OM-OA ? -CH 2 -NH2. 

wherein A and M are defined as above, 
and 

(Hi) the a,a>~diamine is imidised with two equivalents of a maleic anhydride of general formula 



O 

20 



O 



wherein R is as defined in claim 1 p in a mixture consisting of an aliphatic carboxylic acid and an aromatic hydro- 
carbon at a temperature of 100 to 180°C. with the separation of water, to form the bismaleimides. 

so 7. A method of producing bismaleimides comprising mesogenic groups of general formula (I) as defined in claim 1 

wherein X represents O-. characterised in that 2 equivalents of a halogenated N-alkylmaleimide of general formu'la 



40 



so 8. 



55 9. 




wherein R and A are defined as in claim 1 and Hal represents a halogen atom, are reacted with a compound of 
general formula 

HO-M-OH, 

wherein M is defined as in claim 1 , in a suitable solvent, in the presence of a catalyst or an acid acceptor and at a 
temperature of 20 to 200°C, preferably 50 to 1 50°C, and the bismaleimide is isolated. 

A method of producing bismaleimides comprising mesogenic groups of general formula (I) as defined in claim 1, 
wherein X represents -O-. characterised in that maleic anhydride is reacted with a diamine of general formula HgN- 
A-X-M-X-A-NH 2 , wherein A, M and X are as defined in claim 1, in dimethylformamide in the presence of acetic 
anhydride and of a catalyst consisting of nickel(ll) acetate and triethylamine. at a temperature of 90 to 105°C. 

A method of producing oligomeric bismaleimides comprising mesogenic groups corresponding to general formula 
(II) as defined in claim 2, characterised in that bismaleimides comprising mesogenic groups of general formula (I) 
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wherein A, N, R and X are defined as in claim 1 , are digomerised by a Michael addition, in a suitable solvent, with 
half to one equivalent of a para-substituted aromatic, alicyclic or heterocyclic primary or secondary diamine, at a 
temperature of 0 to 80°C. and the reaction product is isolated by methods known in the art. 

10. A liquid crystalline medium for electro-opticaJ displays, wherein at least one component is a bismaleimide or an oli- 
gomeric liquid crystalline bismaleimide as defined in any one of claims 1 to 4. 
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